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(57) Abstract 

The invention relates to a light source 
comprising a phosphor composition and a light 
emitting device such as an LED or a laser diode. 
The phosphor composition absorbs radiation 
having a first spectrum and emits radiation having 
a second spectrum and comprises at least one 
of: YB03:Ce 3+ ,Tb^; BaMgAlioOn:Eu 2+ , Mn 2+ ; 
(Sr,Ca,Ba)(Al,Ga) 2 S4:Eu 2+ ; and YsAlsOu-Ce 3 *; 
and at least one of: Y 2 0 2 S:Eu 3+ ,Bi 3+ ; 
YVO^Eu^Bi 3 *; SrS:Eu 2+ ; SrY 2 S4:Eu 2+ ; 
CaLa2S4:Ce 3+ ; and (Ca,Sr)S:Eu 2+ . The phosphor 
composition and the light source together can 
produce white light with pleasing characteristics, 
such as a color temperature of 3000-6500° K, a 
color rendering index of about 83-87, and a device 
luminous efficacy of about 10-20 lumens per watt. 
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LIGHT EMITTTNG DEVICE WITH PHOSPHOR COMPOSITION 

This application is a continuation-in-part of U.S. Serial No, 09/019,647, filed 
February 6, 1998. 

BACKGROUND 

Field of the Invention 

5 This invention relates generally to light emitting devices, and more particularly to a 
light emitting diode (LED) or laser diode coated with phosphors. 

Description of the Related Art 

Solid state light sources have been available for many years. The colors have been 
predominantly red, orange, and green. Within the last several years blue LEDs have 
also been produced. The combination of red, green and blue LEDs has enabled the 

10 generation of white light with a complicated 4 lead package. However, the different 
LEDs have different lumen vs life curves causing the color to change with life. In the 
Fall of 1996, Nichia of Japan introduced a new white LED, Product No. 
NSPW310AS. This product uses yttrium aluminum garnet doped with cerium to 
convert blue emission from the LED into a very broad band yellow emission. The 

15 emission peak is at 580 nm with a full width at half maximum of 160 nm. The 
phosphor is coated directly on the LED. The entire device is encapsulated in a clear 
plastic lens. The emission contains enough orange emission to produce white light at 
a color temperature of about 8000° K, a color rendering index (CRI) of about 77, and 
a device luminous efficacy of approximately 5 lumens per watt (Im/w) of input 

20 electric power. 

It is well know that tastes in lighting characteristics can vary by geographical 
region. For example, in some regions of the world, high color temperatures are 
preferred, while in other regions lower color temperatures are desired. Similarly, in 
some regions, CRIs in the mid-nineties are preferred, while in other regions CRIs in 



1 



WO 00/33390 



PCT/US99/28280 



the mid-eighties are preferred. Hence, it is desirable to adapt the output 
characteristics of a lamp to suit particular preferences. 

The color temperature of the white LED produced by Nichia can be lowered by using 
more phosphor, however, the system efficiency is also decreased. There is a need for 
5 a phosphor-coated LED having a higher device luminous efficacy; there is also a need 
for such an LED having a lower color temperature. 

SUMMARY 

A light-emitting device, according to an exemplary, embodiment of the invention, 
10 comprises a blue-emitting LED covered with a phosphor-containing covering, the 
phosphor-containing covering containing green-emitting phosphors and red-emitting 
phosphors, said green and red phosphors being excitable by said blue-emitting LED. 

The invention also relates to a phosphor composition which absorbs radiation having 
a first spectrum and emits radiation having a second spectrum and which comprises at 
15 least one of: YB0 3 :Ce 3+ ,Tb 3 *; BaMgAli 0 Oi 7 :Eu 2+ ,Mn 2+ ; (Sr,Ca3a)(Al,Ga) 2 S 4 :Eu 2+ ; 
and Y 3 Al 5 Oi2-Ce 3+ ; and at least one of: Y 2 0 2 S:Eu 3+ 3i 3+ ; YV0 4 :Eu 3 \Bi 3+ ; 
SrS:Eu 2 *; SrY 2 S 4 :Eu 2+ ; (Ca,Sr)S:Eu 2+ ; and CaLa 2 S 4 :Ce 3+ (where the element 
following the colon represents an activator). 

The invention also relates to a novel phosphor composition comprising 
20 YiO^Eu 3 ^ 3 *. 

The invention also relates to a novel phosphor composition comprising 
YV0 4 :Eu 3+ ,Bi 3+ . 

The invention also relates to a lamp comprising a phosphor composition and a light 
emitting device such as an LED or laser diode. The . LED or laser diode emits 
25 radiation having a first spectrum, at least a portion of which is absorbed by the 
phosphor composition. The phosphor composition emits radiation having a second 
spectrum and comprises at least one of: YB0 3 :Ce 3 \Tb 3 *; BaMgAli 0 Oi7:Eu 2+ ,Mn 2+ ; 
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(Sr,Ca,BaXAl,Ga) 2 S 4 :Eu 2 *; and Y 3 A1 5 0, 2 -Ce 3 *; and at least one of: 
Y 2 02S:Eu 3+ ,Bi 3 ^; YV0 4 :Eu 3 \Bi 3 *; SrS:Eu 2 *; SrY 2 S 4 :Eu 2 *; (Ca,Sr)S:Eu 2 *; and 
CaLa 2 S 4 :Ce 3+ . 

The invention also relates to a light emitting device comprising a blue emitting LED 
5 and a phosphor composition comprising SrS:Eu 2 "\Ce 3 \K*. The SrS:Eu 2 *,Ce 3 *,K* 
phosphor, when excited by blue light, emits a broadband spectrum including red light 
and green light. 

The invention also relates to a method of producing white light comprising the steps 
of generating light, directing the light to a phosphor composition comprising at least 
10 one of: YB03:Ce 3 *,Tb 3 *; BaMgAlioO l7 :Eu 2 \Mn 2+ ; (Sr,Ca3a)(Al,Ga) 2 S 4 :Eu 2+ ; and 
Y3Al 5 Oi2-Ce 3+ ; and at least one of: Y^SiEu^Bi 3 *; YV0 4 :Eu 3+ ,Bi 3 *; SrS:Eu 2 *; 
SrY 2 S 4 :Eu 2> ; (Ca,Sr)S:Eu 2+ ; and CaLa 2 S 4 :Ce 3+ ; and converting at least a portion of 
the light with the phosphor composition to light having a different spectrum. 

The phosphor composition and the light source together can produce white light with 
15 pleasing characteristics, such as a color temperature of 3000-4100° K, a color 
rendering index of greater than 70, typically greater than 80, for example about 83-87, 
and a device luminous efficacy of about 10-20 lumens per watt of input electric 
power. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will be apparent from the following 
detailed description and the accompanying drawings, in which: 

FIG. I is a schematic elevational view in cross-section of a phosphor-coated LED of 
the present invention; 

25 FIG. 2 is a schematic elevational view in cross-section of a phosphor-coated LED of 
the present invention; 



WO 00/33390 



PCT/US99/28280 



FIG. 3 is a schematic elevational view of a cross section of a lamp which includes a 
laser diode and a phosphor composition according to another embodiment of the 
invention; and 

FIG. 4 is an emission spectrum of the phosphor SrSiEu^.Ce^jC. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Parts are parts by weight and pcrcents are weight percents unless otherwise indicated 
or apparent When a preferred range such as 5-25 is given, this means preferably at 
least 5 and preferably not more than 25. 

10 Some of the more important parameters used to describe the output spectrum of a 
light source are the color temperature, the color rendering index, and the device 
luminous efficacy. The color temperature of an output spectrum is not an exact 
representation of the color of a light source. The color temperature of a light source 
refers to the temperature of a blackbody source having the closest color match to the 

15 light source in question. The color match is typically represented and compared on a 
conventional CLE (Commission International de l'Eclairage) chromaticity diagram. 
See, for example, "Encyclopedia of Physical Science and Technology", vol. 7, 230- 
231 (Robert A. Meyers ed., 1987). Generally, as the color temperature increases, the 
light becomes more blue. As the color temperature decreases, the light appears more 

20 red 

The color rendering index (CRT) is a measure of the degree of distortion in the 
apparent colors of a set of standard pigments when measured with the light source in 
question as opposed to a standard light source. The CRI can be determined by 
calculating the color shift, e.g. quantified as tristimulus values, produced by the light 
25 source in question as opposed to the standard light source. Typically, for color 
temperatures below 5000° K, the standard light source used is a blackbody of the 
appropriate temperature. For color temperatures greater than 5000° K, sunlight is 
typically used as the standard light source. Light sources having a relatively 
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continuous output spectrum, such as incandescent lamps, typically have a high CRI, 
e.g. equal to or near 100. Light sources having a multi-line output spectrum, such as 
high pressure discharge lamps, typically have a CRI ranging from about 50 to 80. 
Fluorescent lamps typically have a CRI greater than about 60. 

5 The device luminous efficacy is defined as the luminous flux output by the lamp 
divided by the electric power input to the lamp. The device luminous efficacy of the 
lamp takes into account the spectral luminous efficacy (luminous flux out divided by 
radiant power in), the device efficiency (radiant power output by the LED divided by 
electric power input to the LED), the quantum efficiency of the phosphor composition 
10 (number of photons emitted by the phosphor divided by the number of photons 
absorbed by the phosphor), and the energy loss associated with the decrease in 
frequency of the emitted light (equal to hAv, where h is Plank's constant and Av is the 
change in frequency of the light). 

Exemplary embodiments of the present invention include an LED and a phosphor 
15 composition which together produce white light having pleasing characteristics. For 
example, the LED and phosphor composition can produce light having color 
temperatures between 3000° K and 6500° K, among other temperatures, for example 
3000, 3500, 4100, 5000, and 6500 °K. The exemplary phosphor compositions can 
also produce a relatively high CRI, e.g. typically greater than 70, preferably greater 
20 than 80, e.g. 83-87, and a high device luminous efficacy, e.g., 10-20 lumens per watt 
or more of input electric power. 

With reference to FIG. 1, there is shown a phosphor-coated LED or light-emitting 
device 10 having a blue-emitting LED 12 covered with a phosphor-containing layer 
or covering 14 (a phosphor coating directly on the LED), and a clear polymer lens 16. 

25 With reference to FIG. 2, there is shown a phosphor-coated LED or light-emitting 
device 10 having a blue-emitting LED 12 covered with a phosphor-containing layer 
or covering 15 (phosphors embedded in polymer), and a clear polymer lens 16 
molded over layer 15. The lens 16 may also be a diffuse lens which scatters light 
propagating through it. The lens 16 and the layer 15 may also comprise a silicone 

30 material, for example. 
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Blue-emitting LED 12 has an emission peak at 420-470, more typically 430-460, 
more typically 440-450, optionally about 450-470, nm, typically with a full width at 
half maximum of not more than 70, more typically 50, more typically 30, nm. Blue- 
emitting LEDs of this type are known in the art, a preferred example thereof is 
5 available from Nichia of Japan as Product No. NSCB100. LED 12 preferably has a 
device efficiency (radiant power out of LED divided by electric power in) of at least 
4%, more preferably 6%, more preferably 8%. Blue-emitting LEDs are generally 
known in the art. 

According to one example of the invention, a combination of two blue-excited 

10 phosphors (excited by the blue emission from LED 12), one emitting in the green and 
one emitting in the red, is used in place of the yellow emitting yttrium aluminum 
garnet of the Nichia product mentioned above. Because these new emissions are 
close to peaks in the tristimulus functions in combination with the blue from the LED 
they produce light with higher luminous efficacy and better color rendering than the 

15 phosphors used in prior devices. These green and red phosphors are selected so that 
they are excited by the blue-emitting LED. The green color-emitting phosphor 
typically has an emission peak at 510-560, more typically 530-555, more typically 
540-550, for example about 545, nm, with a full width at half maximum of not more 
than 60, typically not more than 50, 35, 20, 10, or 5, nm. The red color-emitting 

20 phosphor typically has an emission peak at 600-630, more typically 610-625, more 
typically 610-615, optionally about 611, nm, with a full width at half maximum of not 
more than 100, typically not more than 60, 50, 20, 10, or 5, nm. The phosphor- 
containing layers 14 and 15 contain these green color-emitting phosphors and red 
color-emitting phosphors. These phosphors typically have preferred particle size of 

25 2-5 micrometers. 

One example of a phosphor composition comprises at least one of the following 
green^emitting phosphors: YB(>3:Ce 3 \Tb 3 *; BaMgAl l0 Oi7:Eu 2 *,Mn 2+ ; and 
(Sr,CaJ3aXAl,Ga)2S4:Eu 2 *; in combination with at least one of the following red- 
emitting phosphors: Y 2 0 2 S:Eu 3 *,Bi 3 *; YV0 4 :Eu 3 *\Bi 3 *; SrS:Eu 2+ ; SrY 2 S 4 :£u 2 *; 
30 CaLa 2 S 4 :Ce 3 -; and (Ca,Sr)S:Eu 2+ . 
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In the above phosphors, the element following the colon represents an activator. The 
notation (A,B,C) signifies (A x ,By,C z ) where 0£x<l and 0<y<i and 0<z<l and 
x+y+z=l. for example, (Sr,Ca,Ba) signifies (Sr x ,Cay,Ba 2 ) where 0<x^l and 0f£y<I 
and OSz^l and x+y+z^l. Typically, x, y, and z are all nonzero. The notation (A,B) 
5 signifies (A x ,B y ) where OSx^l and 0£y£l and x+y=l. Typically, x and y are both 
nonzero. 

The green-emitting phosphors, when excited by blue light, have the following 
characteristics: YBC>3:Ce 3 \Tb 3 * has an emission peak at about 545 ran and a full 
width half maximum value of about 2 nm; BaMgAlioOn:Eu 2 *,Mn 2 * has an emission 
10 peak at about 515 nm and a full width half maximum value of about 50 nm; and 
(Sr,Ca,Ba)(Al,Ga)2S4:Eu 2 * has an emission peak at abbut 540 nm and a full width half 
maximum value of about 50 nm. 

The red-emitting phosphors, when excited by blue light, have the following 
characteristics: Y202S:Eu 3 %Bi 3+ has an emission peak at about 620 nm and a full 

15 width half maximum value of about 2 nm; YVO^Eu^Bi 3 * has an emission peak at 
about 620 nm and a full width half maximum value of about 2 nm; SrS:Eu 2+ has an 
emission peak at about 610 nm and a full width half maximum value of about 70 nm; 
(Ca,Sr)S:Eu 2+ has an emission peak at about 610 nm and a full width half maximum 
value of about 50 nm; SrYzS^Eu 2 * has an emission peak at about 645 nm and a full 

20 width half maximum value of about 100 nm; and Cal^S^Ce 3 * has an emission peak 
at about 600 nm and a full width half maximum value of about 100 nm. 

The red and green phosphors are preferably blended in weight ratios such that 
combined with the blue emission of the LED, they produce suitable white light, e.g., 
about 45/20 (weight ratio of red to green) for white light at about 3000° K; about 
25 42/22 at about 3500° K; about 34/25 at about 4100° K; about 27/25 at about 5000° K; 
and about 20/25 at about 6500° K. The desired emission can also be obtained from 
Eu 3+ (red) and Tb 3 * (green). Alternative activators include Mn 2t and Eu 2 * for green 
emission. 
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The red phosphors Y202S:Eu 3 *,Bi 3 '* and YV0 4 :Eu 3 *,Bi 3 * have relatively narrow 
output spectra, e.g. full width half maximum values of less than about 5 nm, typically 
about 2 nm. The green phosphor YB0 3 :Ce 3 *,Tb 3> also has a relatively narrow output 
spectrum, e.g. a full width half maximum value of less than about 5 nm, typically 
5 about 2 nm. A combination of Y 2 (>2S:Eu 3+ ,Bi 3+ and/or YV0 4 :Eu 3+ ,Bi 3 * with 
YBC>3:Ce 3 *,Tb 3 * provides a phosphor composition which efficiently converts blue 
light into luminous flux. The efficiency of these phosphors is related to the variable 
sensitivity of the eye to different wavelengths of light. In the red region of the 
spectrum, the sensitivity of the eye drops off sharply at wavelengths greater than 

10 about 650 nm. Broad band red phosphors may have an emission spectrum with an 
appreciable portion of the emission greater than 650 nm where the eye is not 
sensitive. With sharp line red phosphors such as Y 2 0 2 S:Eu 3 '\Bi 3+ and 
YV04:Eu 3 *3i 3 "\ substantially all of the emission spectrum lies within the most 
sensitive region of the eye for red light, producing a higher luminous flux than a 

15 broad band red phosphor. In general, the sensitivity of the eye in the green 
wavelengths does not drop off as rapidly as in the red wavelengths, so that it is less 
important to have a green phosphor with a sharp line emission. However, a phosphor 
such as YB03:Ce 3+ ,Tb 3+ which has a sharp line emission near the most sensitive 
green region of the spectrum (555 nm) also efficiently produces luminous flux. 

20 The red emitting phosphor Y202S:Eu 3+ 3i 3+ can be prepared by combining 
stoichiometric amounts of Y2O3, EU2O3, Bi203, and V2O5 and milling in a ball mill for 
about 2 hours. The mixture is then air fired in a furnace at about 1000° C for about 
10 hours. The inclusion of bismuth increases the wavelength of light which is 
absorbed by the phosphor, such that blue light is absorbed. 

25 The red emitting phosphor YV04:Eu 3 *,Bi 3+ can be prepared by combining 
stoichiometric amounts of Y2O3, EU2O3, and Bi 2 C>3, and milling in a bail mill for 
about 2 hours. The mixture is then heated in an atmosphere of H 2 S at about 1000° C 
for about 3 hours. The inclusion of bismuth increases the wavelength of light which 
is absorbed by the phosphor, such that blue light is absorbed. 
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According to another embodiment of the invention, a blue emitting LED is combined 
with a white emitting phosphor to produce white light. An example of a white- 
emitting phosphor is SrS:Eu 2 *,Ce 3+ ,K\ which, as shown in Figure 4, has a broad 
emission. SrS:Eu 2 *,Ce 3 *,K* can be used to generate white light with a suitable 
5 excitation, e.g. a blue LED emitting at about 425-430 nm, wherein the red part of the 
spectrum is provided by SrS:Eu 2 * and the blue-green part of the spectrum by 
SrSiCe 3 *. 

According to another embodiment of the invention, a blue emitting LED is combined 
with a yellow phosphor and a red phosphor to produce white light. Typically, the 

10 yellow phosphor has an emission peak of about 570-590 nm, and the red phosphor 
has an emission peak of about 600-650 nm. The. first phosphor may comprise 
yttrium-aluminum-garnet doped with trivalent cerium (YsAUOn-Ce 3 *), for example, 
which emits a relatively broad yellow spectrum having an emission peak at about 580 
nm and a full width half maximum value of about 160 nm. The second phosphor 

1 5 emits red light and may comprise at least one of the above-described red phosphors, 
Y 2 02S:Eu 3 \Bi 3 ^ YV0 4 :Eu 3+ ,Bi 3 *; SrS:Eu 2+ ; SrY 2 S4:Eu 2+ ; CaLa 2 S 4 :Ce 3 *; and 
(Ca,Sr)S:Eu 2 +. 

The red and yellow phosphors are preferably blended in weight ratios such that 
combined with the blue emission of the LED, they produce suitable white light, e.g., 
20 about 45/20 (weight ratio of red to yellow) for white light at about 3000° K; about 
42/22 at about 3500° K; about 34/25 at about 4100° K; about 27/25 at about 5000° K; 
and about 20/25 at about 6500° K. 

To apply the phosphor-containing layer to the LED, the red and green or yellow 
(hereinafter n green/yettow n ) phosphors or the white phosphor (SrS:Eu 2+ ,Ce 3 \lO may 

25 be dry blended in a suitable blender and then added to a liquid suspension medium or 
the individual phosphor or phosphors may be added to a liquid suspension, such as 
the nitrocellulose/butyl acetate binder and solvent solution used in commercial 
lacquers. Many other liquids including water with a suitable dispersant and thickener 
or binder, such as polyethylene oxide, can be used. The phosphor-containing 

30 suspension is painted or coated or otherwise applied on the LED and dried. To 
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provide layer 15 (see FIG. 2), the phosphor or phosphors are combined in suitable 
liquid polymer system, such as polypropylene, polycarbonate, or 
polytetrafluoroethylene, which is then coated or applied to the LED and dried, 
solidified, hardened, or cured. The liquid polymer system may. optionally be UV 
5 (ultraviolet) cured or room temperature cured, to minimize any heat damage to the 
LED. The clear polymer lens 16 made of suitable plastic such as polycarbonate or 
other rigid transparent plastic is then molded over the coated LED. Lens 16 may be 
further coated with anti-reflective layers to facilitate light escaping the device. 

The total thickness of the phosphor coating should be such as to absorb most of the 
10 blue radiation while allowing some blue radiation to penetrate, or get through, to give 
the desired color or white light 

Less preferably the green/yellow phosphor may be coated on the LED in a separate 
layer from the red phosphor layer (the layers together forming a green/yellow and red 
phosphor-containing covering), although the total amounts of green/yellow, and red 
1 5 phosphors will preferably not change from the amounts noted above. 

Upon application of a current, the LED produces a blue light, at least a portion of 
which is converted to red light and green/yellow light. The combination of blue, red, 
and green/yellow light produces a pleasing white light having a preferred combination 
of parameters such as a color temperature of between 3000° K and 6500° K, a CRI of 
20 greater than 70, typically greater than 80, e.g. between about 83 and 87, and a device 
luminous efficacy of 10-20 lumens per watt of input electric power. 

A preferred phosphor-coated LED of this invention provides 1 1 lumens per watt at a 
color temperature of 5000° K with a blue LED that is 4% efficient. As the LED 
efficiency increases, the lumens per watt of the invented device increases 
25 proportionately. The present invention optimizes luminous efficiency, analogous to a 
triphosphor fluorescent lamp. The present invention, when energized, produces white 
light similar to a triphosphor fluorescent lamp. The red and green/yellow components 
are provided by the red and green/yellow phosphors or by the white phosphor 
(SrSiEu^.Ce^K*); the blue component is provided by the blue LED. 
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FIG. 3 illustrates yet another embodiment of a light emitting device 30 which includes 
a blue-emitting laser diode 32, a transmissive body 36, and a phosphor layer 34. The 
blue-emitting laser diode 32 typically has an emission peak at 420-470, more 
typically 430-460, more typically 440-450 nm, with a full width at half maximum 
5 typically less than 10 nm, more typically less than 5 nm. Blue laser diodes are known 
in the art. See, for example, U.S. Patent Nos. Nos. 5,583,879, 5,604,763, and 
5,644,584 and Shuji Nakamura and Gerhard Fasol, "The Blue Laser Diode" (1997). 
The transmissive body 36 may be formed of a suitable plastic such as polycarbonate 
or other rigid transparent plastic or a silicone material, for example. The transmissive 
1 0 body 36 may be clear or may be a diffuse body which scatters light passing through it. 
The phosphor layer 34 comprises a white phosphor or a red phosphor and a 
green/yellow phosphor, as described above, which efficiently absorb blue light from 
the laser diode. 

The light emitting device 30 may also include a plurality of scattering particles 38 
15 which are embedded in a transmissive material comprising, for example, a glass or a 
polymer or a silicone material. The scattering particles may comprise AI2O3 particles 
such as CR30 alumina powder available from Baikowski or Ti02 particles, for 
example. The particles 38 effectively scatter the coherent light emitted from the laser 
diode 32, preferably with a negligible amount of absorption. The coupling of the 
20 diffuse scattered laser light with the phosphor material is advantageous in reducing 
optical saturation effects and physical damage of the phosphor material. 

Although the preferred embodiments of the invention have been shown and described, 
it should be understood that various modifications may be resorted to without 
departing from the scope of the invention as disclosed and claimed herein. 
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WHAT IS CLAIMED IS: 

1. A light-emitting device comprising a blue-emitting LED covered with a 
phosphor-containing covering, the phosphor-containing covering containing green- 

5 emitting phosphors and red-emitting phosphors, said green and red phosphors being 
excitable by said blue-emitting LED. 

2. A device according to claim I, said blue emitting LED having an emission 
peak at 420-470 nm with a full width at half maximum of not more than 70 nm. 

10 

3. A device according to claim 1, said green phosphors having an emission peak 
at 530-555 nm with a full width at half maximum of not more than 35 nm. 



4. A device according to claim 1, said red phosphors having an emission peak at 
1 S 6 10-625 nm with a full width at half maximum of not more than 20 nm. 



5. A device according to claim 2, said green phosphors having an emission peak 
at 530-555 nm with a full width at half maximum of not more than 35 nm, said red 
phosphors having an emission peak at 610-625 nm with a full width at half maximum 
20 of not more than 20 nm. 



6. A device according to claim 5, said device when energized producing white 
light and having a CRI greater than 70. 
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7. A device according to claim 6, further comprising a clear polymer lens over 
said phosphor-containing covering. 

8. A device according to claim 5, said device when energized having a CR1 
greater than 80. 

9. A device according to claim 5, said red phosphors having an emission peak at 
about 6 1 1 nm. 

10. A device according to claim 9, said green phosphors having an emission peak 
at about 545 nm. 

11. A phosphor composition which absorbs radiation having a first spectrum 
and emits radiation having a second spectrum, the phosphor composition comprising: 

at least one of: 

YBCb:Ce 3 7Tb 3+ ; 

BaMgAlioO n :Eu 2 \Mn 2 *; 

(Sr,Ca3aXAl,Ga)2S4:Eu 2 *; and 

Y 3 Al 5 Oi2-Ce 3+ ; and 

at least one of: 

Y 2 0 2 S:Eu 3 ~,Bi 3 *; 

YV0 4 :Eu 3 ~,Bi 3 *; 
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SrS:Eu 2> ; 

SrY 2 S 4 :Eu 2+ ; 
CaLa 2 S 4 :Ce 3 *; and 
(Ca,Sr)S:Eu 2 *. 

5 

12. The phosphor composition of claim 11, wherein the phosphor composition 
comprises (Sr,Ca3aXAl,Ga) 2 S 4 :Eu 2 *; and (Ca,Sr)S:Eu 2+ . 



13. The phosphor composition of claim It, wherein the phosphor composition 
1 0 comprises Y 3 Al 5 Oi2-Ce 3+ and SrS:Eu 2 *. 

14. The phosphor composition of claim 1 1, wherein the 

phosphor composition comprises at least one of Y 2 0 2 S:Eu 3+ ,Bi 3 * and 
YV0 4 :Eu 3+ ,Bi >K . 

15 

15. The phosphor composition of claim 14, wherein the phosphor composition 
comprises YB03:Ce 3> ,Tb*". 

16. The phosphor composition of claim 11, wherein the first spectrum 
20 includes blue light. 
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17. The phosphor composition of claim 16 wherein the blue light has an 
emission peak between about 450 nm and about 470 nm, 



18. The phosphor composition of claim II, wherein the second spectrum 
5 includes a first component having an emission peak at about 570-590 nm and a 
second component having an emission peak at about 600-650 nm. 



19. The phosphor composition of claim 11, wherein the second spectrum 
includes a first component having an emission peak at about 540-550 nm and a 
1 0 second component having an emission peak at about 610-615 nm. 



20. A lamp comprising: 
a light emitting device; and 

a phosphor composition which absorbs radiation having a first spectrum from 
15 the light emitting device and emits radiation having a second spectrum, the phosphor 
composition comprising: 

at least one of: 

YBCbiCe^Tb 3 *; 

BaMgAluO^Eu 2 ^ 2 *; 

20 (Sr,Ca3a)(Al,Ga)2S4:Eu 2 *; and 

Y 3 A1 5 0,2-Ce 3 *; and 

at least one of: 

Y 2 02S:Eu 3 \Bi 3 *; 
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YV0 4 :Eu 3H \Bi 3 *; 
SrS:Eu 2+ ; 
SrY 2 S 4 :Eu 2 *; 
CaLa 2 S 4 :Ce 3+ ; and 
5 (Ca,Sr)S:Eu 2 *. 

21. The lamp of claim 20, wherein the light emitting device comprises a light 
emitting diode. 

10 22. The lamp of claim 20, wherein the light emitting device comprises a laser 

diode. 



23. The lamp of claim 20, wherein the phosphor composition comprises 
(Sr,Ca,Ba)(Al,Ga) 2 S 4 :Eu 2 *; and (Ca,Sr)S:Eu 2 *. 

15 

24. The lamp of claim 20, wherein the phosphor composition comprises Y3AI5O12- 
Ce 3+ andSrS:Eu 2 *. 

25. The lamp of claim 20, wherein the phosphor composition comprises at least one 
20 of Y 2 02S:Eu 3 *,Bi 3 * and YV0 4 :Eu 3 *,Bi 3 *. 

16 
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26. The phosphor composition of claim 25 t wherein the phosphor composition 
comprises YB0 3 :Ce 3+ ,Tb 3 *. 

27. A method of producing white light comprising the steps of: 
5 generating light; 

directing the light to a phosphor composition comprising: 

at least one of: 

YB0 3 :Ce 3 *,Tb 3 *; 

BaMgMioO n :Eu 2 \Mn 2 *; (Sr.Ca^aXMGahS^Eu 2 *; and 
10 Y 3 A1 5 0, 2 -Ce 3+ ; and 

at least one of: 

Y 2 0 2 S:Eu 3 \Bi 3 *; 

YV0 4 :Eu 3 \Bi 3+ ; 
SrS:Eu 2+ ; 
15 SrY 2 S 4 :Eu 2+ ; 

CaLa 2 S4:Ce 3+ ; and 
(Ca,Sr)S:Eu 2 *; and 

converting at least a portion of the light with the phosphor composition to 
light having a different spectrum. 

20 

17 



WO 00/33390 



PCT/US99/28280 



28. A light-emitting device comprising a blue-emitting LED covered with a 
phosphor-containing covering, the phosphor-containing covering containing a green- 
emitting phosphor and a red-emitting phosphor, the green and red emitting phosphors 
being excitable by said blue-emitting LED, the green and red emitting phosphors each 
5 having a full width half maximum value of less than 60. 

29. The light emitting device of claim 28, wherein the green emitting 
phosphor has a peak emission at about 510-560 run, and the red emitting phosphor 
has a peak emission at about 600-630 run. 

10 

30. The light emitting device of claim 28, wherein the red emitting phosphor 
has a full width half maximum value of less than about 5 nm. 

31. The light emitting device of claim 30, wherein the red emitting phosphor 
1 5 comprises at least one of Y 2 02S:Eu 3 \Bi 3+ and YV0 4 :Eu 3 \Bi 3+ . 

32. A light emitting device comprising: 
a blue emitting LED; and 

a phosphor composition comprising SrSrEu^Ce 3 ^*. 

20 

33. The light emitting device of claim 32, wherein the blue LED has a peak emission 
between about 425 nm and about 430 nm. 
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34. A phosphor composition comprising YjChSiEu^Bi 3 *. 

35. A phosphor composition comprising YV04:Eu 3 *,Bi 3 *. 
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